MIYAHARA M., MATSUMOTO T., SAKURAI H., PIPEK P. (2002): The conformability of two equations for bacterial growth in pork. Czech J. Food Sci., 20: 69-73.
There are models for the mathematical estimation of bacterial growth (OLLEY & RATKOWSKY 1973) . The concept of Hazard Analysis Critical Control Point (HACCP) is generally accepted in food hygiene. The ability to estimate bacterial growth in food is important in studying the occurrence of food poisoning as well as in general practice in food hygiene.
It is well known that bacteria grow exponentially with time under ideal conditions. Their growth rate increases proportionally to the concentration of nutrients (OLLEY & RATKOWSKY 1973; GENIGEORGIS et al. 1971) . These mathematical models are concerned only with a certain phase of bacterial growth. We tried to determine in this report how well the two theoretical equations, Verhulst's logistic curve (MCMEEKIN et al. 1992) and Gompertz curve (VINIEGRA-GONZALEZ et al. 1993; WHITING & BUCHA-NAN 1994) , fit bacterial growth.
MATERIAL AND METHODS

Material:
Pork was obtained at a store in Tokyo. Ten grams of meat were prepared and put in a sterilised homogenizer cup with 90 ml of 0.85% physiological salt solution. The meat was homogenised at 8 000-10 000 rpm for 2 min. The samples were then kept in an incubator at 35°C.
Methods: The number of bacteria was counted by a conventional method immediately after the meat was homogenized. The homogenized samples were then incubated in the homogeniser-cup. Bacteria were counted once every hour for 13 hours.
The meat was well mixed before a sample was taken for bacterial counts. The sample was diluted to adjust the number of colonies on the plate to 30-300. They were then incubated for 48 ± 3 hrs at 35°C in agar culture by the diluted plate culture method. The number of colonies after incubation is the number of bacteria.
RESULTS AND DISCUSSION
Growth of Bacteria
As shown in Fig. 1 , the growth pattern showed three phases of growth, the induction, exponential and maxi- 
It can be transformed into the following two equations:
where: B -number of bacteria at the beginning b -number of bacteria after t minutes t -time in minutes n -number of divisions in t minutes g -time in minutes needed for one division
Using the numbers of bacteria Fig. 1 , the number of divisions per unit period and the time (t) needed for a division can be derived from equations (2) and (3). The maximum numbers of cell divisions were 1-2 in 3-9 hrs after the start of incubation. The fastest division time was 23-54 min. The rate increased rapidly in 3-9 hrs after the start of incubation. The meat contained various species of bacteria, so the division time was unstable. It appears, however, that the induction phase lasted 4 hrs, followed by 5 hrs of exponential phase. The rest of the period was the maximum stationary phase.
Conformity with Logistic Curve
The logistic curve is based on an assumption that a certain long-term variation goes through the growth pattern that consists of initial, developmental, saturation and stable phases. It can be shown in the following equation.
where: Y t -number of bacteria after t minutes K -maximum number of bacteria T -time in minutes m, a -coefficients
The coefficients m and a, and the maximum bacteria counts (K) in equation (4) can be derived by the least squares method. (i) Calculation of logarithm of the initial number of bacteria P = a and q.
Using the simultaneous equations in (5) we calculated the values of p and q as 1.2818 and -0.000056, respectively, as shown in Table 1 .
(ii) Calculation of K, the maximum number of bacteria K = -q/P, so K = 22 879 using the values in Table 1 . (iii) Calculation of the point of inflection (t r ).
The time needed to reach 1/2 of K or Y t = 0.5K is expressed as t r . Using the values on average we get t r = 7.1.
(iv) Calculation of m, which the point of inflection over time in the growth curves of bacteria
Equation (6) gives m = 28 407. Therefore, the logistic curve is Y t = 22 897/(1 + 2 840e 1.2818t ) Fig. 2 shows its actual curve. Table 1 shows the values for logistic curves that were derived from the averages of actual values in the experiments.
Based on the average of 10 values, we obtained the following equation. Table 2 shows the process to obtain theoretical values. The actual theoretical values are shown in Fig. 3 .
As can be seen in Figs. 2 and 3 , the maximum bacterial number was reached in 9-10 hrs in the culture, and the average theoretical value was 23 × 10 7 derived from equation (5). Their actual number ranged between 20 × 10 7 and 28 × 10 7 , and it conforms to the theoretical value. The theoretical time for the other growth periods also matches those of actual time. Therefore, we can use the logistic curve for estimating the number of bacteria at a certain time. This logistic curve is strongly influenced by the time to reach the point of inflection. This causes the fluctuation as affected by the storage conditions.
Gompertz Curve
The values of coefficients K, a and b in the equation log Y = log K + (log a)b t were calculated using the following equations in which the entire growth period was equally divided into three and the sum of the actual bacterial counts in each period, 1, 2 and 3, is expressed as S 1 log Y, S 2 log Y and S 3 log Y, respectively. Y t = 23 535 Table 3 shows the calculation procedures for the coefficients K, a and b using the values in Tables 1 and 4 and Fig. 4 show the results of calculations using equations (8), (9) and (10). The equation used for Table 3 Table 4 by the equation (11) Theoretical values obtained from Figs. 4 and 5 indicated a rapid bacterial growth in the period when the actual bacterial growth had already reached the maximum stationary phase. This shows that this equation is not very reliable except for the case when the initial bacterial counts are very high. Therefore we concluded that it is difficult to estimate the number of bacteria using Gompertz curve.
